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(54) Process for the codeposition of metallic oxides on a plastic film 



(57) Process for the production of a plastic film hav- 
ing a dielectric deposit of vacuum-deposited mixed ox- 
ides, obtained by codeposition of a first material consist- 
ing of a sub-oxide resulting from the evaporation of at 
least one oxide which tends to dissociate, liberating ox- 
ygen, and of a second material consisting of at least one 
oxide of a metal having a getter effect. Provision is made 



for the deposition of a layer having a variable composi- 
tion along the thickness of the layer itself, with a variable 
percentage of said getter-effect metal and/or of its com- 
pounds from the interface between the deposit and the 
film towards the outer surface of the deposit, and a var- 
iable percentage of said sub-oxide in the inverse direc- 
tion from the interface between the deposit and the film 
towards the outer surface of the deposit. 
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Description 

Technical Field 

The invention relates to an improvement ot a vacu- s 
urn codeposition process for the formation of a dielectric 
layer on a plastic film. 

Processes of this type are commonly used for the 
production of plastic films on which a dielectric barrier 
is provided, in order to make them impermeable to ox- 10 
ygen and moisture. 

The invention also relates to an apparatus for car- 
rying out this process and to a plastic film treated by this 
process. 

75 

State of the Art 

The technique of vacuum deposition presents con- 
siderable problems from the point of view of the condi- 
tions of evaporation, of the optical and aesthetic quality 20 
of the layer deposited on the film, and of the costs of the 
products employed for the deposition. 

Currently, in order to obtain a product which pro- 
vides a sufficient barrier to oxygen and to moisture and 
which at the same time has high transparency, silicon 25 
monoxide is employed. This material has the disadvan- 
tage of being extremely expensive. Furthermore, the 
plastic film treated with silicon monoxide acquires a yel- 
lowish coloration, which is particularly undesirable in the 
case of use of the film for the packaging of foodstuffs, 30 
in as much as the coloration of the plastic substrate hin- 
ders the correct perception of the optical characteristics 
of the product packaged with the film. 

Attempts have also been made to use silicon diox- 
ide, but this product has the disadvantage of not provid- 
ing a sufficient barrier effect, especially against water 
vapour. 

Recently, an innovative vacuum deposition process 
has been proposed in which there is performed, on the 
plastic film, a codeposition of a first material consisting 
of a sub-oxide resulting from the evaporation of an oxide 
which tends to dissociate, liberating oxygen, and of a 
second material consisting of a metal having a getter 
effect, which, during the deposition phase, combines 
with the oxygen liberated by the dissociation of the first 
material. Getter effect is to be understood as the phys- 
ico-chemical property of certain metals of binding them- 
selves to chemically active species, especially oxygen, 
thus being transformed into oxides. 

This process is described in the Italian Patent Ap- 
plication no. FI92A106, filed on 14th May 1992, the con- 
tents of which are incorporated within the present de- 
scription. The first material is silicon dioxide or alumini- 
um oxide and the second material is magnesium, bari- 
um, aluminium or an equivalent material. The process 
described in the abovementioned Italian Patent Appli- 
cation makes it possible to obtain, on the plastic mate- 
rial, a dielectric deposit consisting of mixed oxides of the 
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getter metal (typically magnesium or aluminium) and of 
silicon (in the form of the sub-oxide). The codeposition 
makes it possible to obtain a number of advantages in 
terms of the economics of the process, the optical qual- 
ity of the product and confidence in the barrier effect. 

Summary of the invention 

The process described in Patent Application 
FI92A106 has now been improved for further enhance- 
ment of the end result, in particular in terms of enhanced 
barrier effect. 

Essentially, the process according to the present in- 
vention provides for the vacuum deposition, on the plas- 
tic film, of a layer having a composition which is variable 
along its thickness, with a decreasing percentage of a 
getter-effect metal and/or of its compounds from the in- 
terface between the deposit and the film towards the 
outer surface of the deposit, and an increasing percent- 
age of the sub-oxide from the interface between the de- 
posit and the film towards the outer surface of the de- 
posit, or vice versa. 

It is possible to obtain a deposit having variable 
composition in the abovementioned manner by arrang- 
ing, in a single deposition chamber and in series, a first 
source of evaporation of the getter-effect metal and a 
second source of evaporation of the oxide. In the case 
of the percentage of metal decreasing from the interface 
towards the outside, the said first source is located up- 
stream of the second source with respect lothe direction 
of advance ol the plastic film which is to be treated. 

The getter-effect metal can be present along the en- 
tire thickness of the deposit in the form of oxide. Never- 
theless, it has been found that, with an opportune ar- 
rangement of the sources and with the appropriate ratio 
of the evaporating quantities of oxide and of metal, it is 
possible to obtain, in proximity to the interface between 
film and deposit, a percentage of getter-effect metal in 
a partially oxidized form. The fact that the metal in part 
deposits in a partially oxidized form makes it possible to 
obtain further advantages with respect to the codeposi- 
tion of totally oxidized mixed oxides having a variable 
composition along the thickness of the deposit. The 
presence of partially oxidized metal on the interlace be- 
tween deposit and plastic film is obtained by a deposi- 
tion having a decreasing percentage of metal from the 
said interface towards the outside, rather than vice ver- 
sa. This solution is therefore in fact preferred. 

The presence of only partially oxidized metal in 
proximity to or in contact with the plastic film augments 
the barrier effect against water vapour and oxygen. The 
possible explanations for this improvement are both of 
a chemical nature and a physical nature. In the first 
place, the small metallic aggregates which form in the 
vicinity of the plastic film or directly on its surface modify 
the microstructure of the deposit and thus increase the 
density and the compactness, which favours a growth 
of amorphous rather than crystalline type. This reduces 
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the formation of column structures which are typically 
encountered in these deposition techniques and which 
reduce the barrier effect. Consequently, there is a re- 
duction of interstitial voids which favour the diffusion of 
the permeant (water vapour or oxygen) from the outer 
surface of the deposit towards the plastic film. Further 
beneficial effects deriving from the presence of metallic 
nuclei in the deposit can be ascribable to a reduction in 
the polar effects which favour the adsorption of water 
molecules at the surfaces and a possible reduction in 
the solubility of the permeant in the deposit. This effect 
is present even in the case in which the percentage of 
metal increases from the interface between film and de- 
posit and the outer surface of the deposit. 

Advantageously, and in a manner known per se, it 
is possible to use silicon dioxide or alumina as the oxide 
tending to dissociate and to use magnesium, barium or 
preferably aluminium as the metal having a getter effect. 

In the evaporation of silicon dioxide (Si0 2 ), the latter 
tends to dissociate, liberating oxygen, and deposits as 
SiO x , with x being variable between 1 and 2 according 
to the process parameters adopted (power density em- 
ployed for the evaporation of the dioxide, evaporation 
rate of the getter metal, degree of vacuum). Optimum 
results are obtained with x being equal to about 1 .5. 

The invention also relates to a plastic film with - at 
least on one face - a thin deposit of a dielectric material 
of mixed oxides, obtained by vacuum deposition, which 
comprise at least one sub-oxide obtained from an oxide 
tending to dissociate, liberating oxygen, and an oxide of 
a getter metal. 

According to the invention, the percentages of sub- 
oxide and of getter metal and of its compounds are var- 
iable along the thickness of the deposit from the inter- 
face between film and deposit towards the outer sur- 
face. Preferably, starting from the interface, the percent- 
age of sub-oxide increases and the percentage of metal 
and/or of its compounds decreases. 

Brief Description of the Drawings 

The invention will be better understood by following 
the description and the attached drawing, which shows 
a non-limiting exemplary embodiment of this invention. 
In the drawing: 

Figure 1 shows a sketch of the apparatus for carry- 
ing out the process according to the invention; and 
Figures 2A, 2B and 2C show diagrams of the results 
of the analysis carried out on plastic films which 
have been treated by the process according to the 
invention. 

Detailed Description of the Invention 

Referring to Figure 1 , the evaporation chamber, di- 
vided by a partition 3 intotwo half -chambers, is indicated 
generically by 1 : the lower hall-chamber 5, which is des- 



ignated below as deposition chamber, contains the 
evaporation sources which will be described below; the 
upper half-chamber 7 houses a reel B1 from which the 
plastic film F which is to be treated unwinds and a reel 

5 B2 on which the treated film is wound up. The film F is 
passed round a drum or roll 9 rotating in the direction 
f9, the lower part thereof protruding into the interior of 
the deposition chamber 5. 

The two half-chambers 5 and 7 are connected in a 

io manner known per se to vacuum pumps which are not 
shown and which ensure in the respective half-cham- 
bers a sufficient degree of vacuum, which is normally 
taken further in the lower deposition chamber 5 in order 
to facilitate the evaporation of the materials which form 

15 the deposit. 

In the deposition chamber 5, a first evaporation 
source, generically designated by 15, is located in which 
aluminium, magnesium or another metal having a getter 
effect is evaporated. The source consists of a plurality 

20 of single sources 17 heated by the Joule effect, each 
fed by a metal wire 21 wound on a respective guide reel 
19. The source 15 is associated with screens 23, 25, 
which delimit the lobe of evaporation and direct it to the 
lower part of the drum 9. 

25 Downstream of the source 15 : with respect to the 

direction of advance of the plastic film F coming from 
the drum 9, a second source, generically designated by 
27, is located. Said second source is (in the example 
illustrated) an electron beam gun source of the "Pierce" 

30 type and serves to evaporate the silicon dioxide or an- 
other equivalent oxide tending to dissociate, liberating 
oxygen. Other types of electron beam guns can also be 
used. 29 generically indicates the electron beam gun 
which is arranged outside the deposition chamber 5 and 

35 will not be described in more detail, since it is of a type 
known per se. 

A partition wall 31 prevents direct mutual visibility 
of the sources 15 and 27. 

As will be clear from the schematic representation 

40 in Figure 1 for the purpose of a superposition of the 
evaporation zones of the oxide and of the getter metal, 
the film F initially passes through a zone in which the 
presence of metal originating from the source 1 5 pre- 
dominates, while alterwards (following the advance) it 

45 passes through a zone where the presence of oxide pre- 
dominates. Consequently, the layer of deposited dielec- 
tric shows a composition which is variable from the outer 
surface (where the presence of silicon oxide predomi- 
nates) towards the inner surface, that is to say to the 

50 interface between the dielectric deposit and the plastic 
film (where the presence of the oxide of the getter metal 
predominates). 

The process parameters preferred in practice for 
the cod epos it ion of mixed oxides with the use of Si0 2 

55 as the oxide tending to dissociate and Al as the getter 
metal are as follows: 

speed of advance of the plastic substrate: 3-4 m/s, 
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rate of deposition: 3000-4000 Angstrom/s, 
thicknesss of the deposited layer: 500-700 Ang- 
strom, 

quantity of aluminium evaporated per source: 2-3 
g/minute, 

power density for the evaporation of Si0 2 : 0.3-0.6 
kW/cm 2 

evaporating Si0 2 surface area corresponding to 

each source of Al: 40-50 cm 2 , 

optimum residual pressure: 3x1 0' 4 - 7x1 0" 4 mbar. 

The film thus treated was analyzed by the technique 
of SNMS (Secondary Neutral Mass Spectrometry) anal- 
ysis for analyzing the composition of the deposition layer 
at various depths of the deposit. The SNMS analysis 
technique is a technique known per se and will not be 
described here in detail. In the present case it was car- 
ried out using instrumentation from VG Scientific (Model 
SIMS LAB 3 B equipped with OPTIONAL SNMS), in 
which the surface of the deposit to be analyzed is bom- 
barded with a beam of oxygen ions. The bombardment 
generates an emission of ions and secondary neutral 
elements reemitted from the surface of the deposit. The 
reemitted material is for the most part neutral (more than 
90%). The SNMS technique employed serves to post- 
ionize in the gaseous phase the neutral elements emit- 
ted from the layer deposited on the plastic film and to 
analyze by quadripolar mass spectrometry. 

The results of the analyses are plotted for two dif- 
ferent specimens in Figures 2A and 2B. The two spec- 
imens differ by the different quantities of evaporated alu- 
minium (more in the specimen of the diagram in Figure 
2B) and by the different depth or thickness of the deposit 
(about 35 nm for the specimen of Figure 2A and about 
55 nm for the specimen of Figure. 2B). The depth ol the 
deposited thickness is plotted as abscissa. The origin 
corresponds to the outer surface of the deposit, while X 
indicates the interface between the deposit and the sur- 
face of the film F. 

In both diagrams, the values corresponding to the 
curves for Al and Si can be interpreted as sensitivity fac- 
tors which are directly proportional to the quantities of 
Si and Al present (in the form of the respective oxides 
or suboxides) at various depths of the deposit. The dia- 
grams can therefore be read as being indicative ot the 
relative percentages of the respective compounds of 
aluminium and silicon which are present in the layer de- 
posited on the plastic film. This interpretation is valid up 
to a certain minimum distance from the interface be- 
tween deposit and film. In fact, if the material of the ma- 
trix of the deposit is only partially oxidized (and hence, 
if the getter metal is in part present in the metallic form 
as well as in the oxidized form), the sensitivity factors 
and above all the sputtering yield change, so that the 
curves no longer give quantitatively significant values. 

In the present case, starting from the outer surface 
of the deposit, a substantially rnonotonic decreasing 
trend in the quantity of silicon compounds and a trend 



increasing from a minimum to a maximum in the quantity 
of aluminium oxide, in an intermediate position between 
the outer surface of the deposit and the deposit/film in- 
terface, are observed in both the diagrams. The maxi- 
s mum in the curve corresponding to the quantity of alu- 
minium compound is nearer to the deposit/film interface 
in the diagram of Figure 2A, that is to say in the speci- 
men obtained with a smaller quantity of evaporated alu- 
minium relative to the quantity of silicon dioxide. The 
io curve corresponding to the aluminium has a decreasing 
trend from the maximum up to the deposit/film interface. 
This trend is explicable in the following way: in the vicin- 
ity of the deposit/film interlace, the aluminium is present 
in part in the metallic, that is to say nonoxidized form. 
15 This percentage of nonoxidized aluminium is not detect- 
ed quantitatively by the SNMS system. The trend of the 
curve corresponding to aluminium therefore indicates 
that, in proximity to the deposit/film interface, the quan- 
tity of oxidized aluminium diminishes because of the 
20 presence of nonoxidized aluminium. 

As is found by comparing the diagrams of Figures 
2A and 2B, the maximum in the curve corresponding to 
the presence of aluminium oxide is further away from 
the deposit/film interface in the case where a larger 
2S quantity of aluminium is evaporated. This is perfectly 
consistent with the interpretation, given above, of the 
non-monotonic trend of the curve corresponding to the 
aluminium: the greater the quantity of evaporated alu- 
minium, the greater is the quantity of this material 
30 present in the nonoxidized form and the greater will 
therefore be the span of the descending curve of the 
aluminium in the diagram obtained by SNMS analysis. 

On the basis of the results obtained with the SNMS 
analysis, and taking account of the presence of alumin- 
35 jum in the nonoxidized form, a qualitative graph of the 
percentage of Si and Al as a function of the depth of the 
deposit can be plotted. This qualitative graph is shown 
in Figure 2C. The curve for Al in Figure 2C takes account 
of the global presence of aluminium in both the oxidized 
40 and metallic forms. 

In the three diagrams of Figures 2A, 2B and 2C, a 
curve C corresponding to the presence (detectable by 
the SNMS analysis) of carbon is also indicated. The 
presence of this element has not been unequivocally 
45 clarified, but it has also been found in other codeposition 
systems. According to one possible interpretation, these 
are carbon atoms which have been released from the 
plastic substrate itself on which the deposition is carried 
out. On the other hand, this minimal percentage of car- 
50 bon does not impair the optical characteristics and bar- 
rier characteristics of the deposit. 

From the analyses of the layer deposited in accord- 
ance with the process of the present invention, it is def- 
initely established that the deposit is characterized: a) 
55 by a variable trend in the percentages of aluminium and 
silicon, in the form of the respective oxides, with the per- 
centage of silicon decreasing and the percentage of alu- 
minium increasing from the outer surface to the deposit/ 
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film interface; b) by the presence of nonoxidized metal 
in the vicinity of the deposit/film interface. 

These characteristics provide an enhancement to 
the properties of the end product, as demonstrated 
above. 

It is to be understood that the drawing shows merely 
an exemplary embodiment, given solely as a demon- 
stration of the invention in practice, it being possible for 
this invention to be varied in its forms and arrangements, 
without otherwise departing from the scope of the con- 
cept underlying the invention itself. The occasional pres- 
ence of reference numbers in the attached claims has 
the purpose of facilitating the reading of these claims 
with reference to the description and to the drawing, and 
it does not limit the scope of the protection which is rep- 
resented by the claims. 



Claims 

1 . Process for the production of a plastic film having a 
dielectric deposit of vacuum-deposited mixed ox- 
ides, in which there is performed, on the said plastic 
film, a codeposition of a first material consisting of 
a sub-oxide resulting from the evaporation of at 
least one oxide which tends to dissociate, liberating 
oxygen, and of a second material consisting of at 
least one oxide of a metal having a getter effect, 
characterized by the deposition of a layer having a 
variable composition along the thickness of the lay- 
er itself, with a variable percentage of said getter- 
effect metal and/or of its compounds from the inter- 
face between the deposit and the film towards the 
outer surface of the deposit and with a variable per- 
centage of said sub-oxide in the inverse direction 
from the interface between the deposit and the film 
towards the outer surface of the deposit. 

2. Process according to Claim 1 , characterized in that 
the percentage of said getter-effect metal and/or of 
its compounds decreases along the thickness of the 
deposited layer from the interface between the de- 
posited layer and the film towards the outer surface, 
while the percentage of said sub-oxide increases 
from said interface towards said outer surface. 



5. Process according to one or more of the preceding 
claims, characterized in that said oxide tending to 
dissociate is silicon dioxide or alumina and that said 
getter-effect metal is aluminium or magnesium or 

5 barium. 

6. Process according to Claim 5, wherein said sub-ox- 
ide is of the formula SiO x with x being between 1 
and 2 and preferably x being equal to 1.5. 

70 

7. Apparatus for the vacuum deposition of oxides on 
a plastic film (F), comprising a deposition chamber 
(5) in which are located a first source (15) for the 
evaporation of a metal having a getter effect and a 

ts second source (27) for the evaporation of an oxide 
tending to dissociate during the evaporation, liber- 
ating oxygen, characterized in that said first source 
(1 5) is located upstream of said second source (27) 
with respect to the direction of advance (f 9) of the 

20 film (F) on which the deposition is carried out. 

8. Apparatus according to Claim 7, wherein said first 
source (15) is a resistance source and said second 
source (27) is an electron beam gun source. 

25 

9. Plastic film having, on at least one face, a thin de- 
posit, obtained by vacuum deposition, of dielectric 
material consisting of mixed oxides, said mixed ox- 
ides comprising at least one sub-oxide, obtained 

30 from an oxide tending to dissociate, liberating oxy- 
gen, and an oxide of a getter-effect metal, charac- 
terized in that the percentage of said sub-oxide var- 
ies along the thickness of the dielectric layer from 
the interface between the film and the deposit to- 
ss wards the outer surface of the deposit, and that the 
percentage of said getter-effect metal and/or of its 
compounds varies in the inverse direction from said 
interface towards said outer surface. 

40 10. Plastic film according to Claim 9, characterized in 
that the percentage of said sub-oxide increases 
along the thickness of said layer from the interface 
towards the outer surface, and the percentage of 
said metal and/or its compounds decreases from 

45 the interface towards the outer surface. 



3. Process according to Claim 2, characterized by an 
arrangement in series of a first source of said metal 
and a second source of said oxide, said first source 
being located upstream of said second source with so 
respect to the direction of advance of the plastic film 
which is to be treated. 

4. Process according to Claim 2 or 3, characterized in 
that a percentage of said getter-effect metal is de- 55 
posited in a partially oxidized form in proximity to 
said interface. 



11. Plastic film according to Claim 10, characterized in 
that said getter-effect metal is present at least in 
part in a partially oxidized form in proximity to said 
interface. 

12. Plastic film according to Claim 9, 10 or 11 , charac- 
terized in that said sub-oxide is a sub-oxide of sili- 
con of the formula SiO x , with x being between 1 and 
2 and preferably being equal to 1.5, and that said 
getter-effect metal is aluminium or magnesium or 
barium. 
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FIG. 2B 
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